Introduction
Mobilisation in postoperative patients may be defined as low intensity exercise that aims to elicit cardiopulmonary responses which enhance oxygen transport and assist in the reduction of postoperative pulmonary complications (Dean 2002) . It is the belief among physiotherapists that mobilisation results in increased tidal volumes which may assist the reversal of atelectasis leading to improved gas exchange (Dean 2002) . However the evidence surrounding this remains inconclusive. Scheidegger et al (1976) investigated the effects of early mobilisation in non-intubated patients following a wide range of surgical procedures requiring general anaesthesia. Early mobilisation was shown to improve forced vital capacity, maximum voluntary ventilation, and arterial oxygenation more than breathing exercises alone. These researchers suggested that the changes were the result of increased tidal volumes with mobilisation compared with breathing exercises. This has been challenged by Orfanos et al (1999) who observed that mobilisation resulted in smaller increases in tidal volumes when compared with breathing exercises in non-intubated abdominal surgical patients. Orfanos et al (1999) suggested that patients should be encouraged to perform deep breathing exercises during mobilisation to enable re-expansion of collapsed alveolar lung units. Hence the precise mechanisms by which mobilisation affects lung function are presently theoretical and require further research (Dean 1994 , Dean and Ross 1989 , Stiller 2000 .
Frequently the results from literature examining the use of mobilisation in non-intubated surgical subjects (Chumillas et al 1998 , Dull and Dull 1983 , Fagevik Olsen et al 1997 , Hallbook et al 1984 , Jenkins et al 1989 , Roukema et al 1998 , Stiller et al 1994 are extrapolated to the intubated patient (Dean 2002 , Stiller 2000 . However no studies have examined the responses to early mobilisation in intubated patients. Therefore, the aim of this study was to investigate the respiratory and haemodynamic responses to early mobilisation in the intubated, ventilated abdominal surgery patient.
of the axilla and the abdominal band was placed below the thoracic cage overlying the umbilicus. Subjects were left in the supine position for 20 minutes on initial mechanical ventilator settings before collection of arterial blood gas samples and collection of all other measures. The subject's endotracheal tube was then connected to a heated linear pneumotachograph (b) which was attached to a standard sterilized Ayres bagging circuit (c) with a continuous supply of 100% oxygen at 15 l/min. This was in accordance with the hospital protocol for mobilisation. The pneumotachograph was calibrated using a 3 l syringe prior to each study. The following measurements were taken over a one minute period: a) rib cage and abdomen displacement via the Respitrace; b) tidal volumes (V T ), frequency of respiration (ƒ R ), minute ventilation (V E ), inspiratory time (T I ), and expiratory time (T E ) via the pneumotachograph; c) heart rate, invasive blood pressure including systolic blood pressure, diastolic blood pressure, mean arterial blood pressure, percutaneously measured oxygen saturation (S p O 2 %) recorded from the subject's monitor (d) by an independent observer unaware of the aims of the study. Pneumotachograph measurements were recorded for every breath made during each one minute measurement cycle with haemodynamic measurements recorded every 10 seconds within each minute cycle.
Measurements were collected in the following standardised positions as the patient progressed through mobilisation whilst breathing spontaneously on the Ayres circuit: supine, sitting over the side of the bed (by rolling onto the side and pushing up into sitting), standing, walking on the spot for one minute as able (the number of steps taken was recorded), initially after sitting out of bed in a chair. The order of these positions were not randomised as the intention of the study was to record the cumulative changes occurring with the progression of mobilisation. Subjects were provided with some assistance as required to maintain safety. They were left in each of the above positions for 30 seconds before the one minute data collection periods to eliminate artifact associated with positional change. Arterial lines were re-zeroed in each position before recording haemodynamic data.
Following completion of mobilisation, the patient was reattached to the ventilator with initial settings and fraction of inspired oxygen (F I O 2 ) and remained in sitting for 20 minutes in a chair after which a second arterial blood gas sample was taken. The patient was then reattached to the Ayres circuit and left in this position for a 30 second period before a one minute data collection period in which respiratory and haemodynamic parameters were measured. Finally, the patient was reattached to the ventilator and this concluded the measurement period. Termination of the study occurred if the following were observed: mean arterial blood pressure < 60 or mean arterial blood pressure > 120mmHg, ST segment depression on electrocardiogram (ECG) with anginal chest pain, f R > 35 breaths per minute, S p O 2 % < 90%.
Statistical analysis Data were analysed using Statistica version 6 for Windows 1998. Parametric data that were normally distributed (analysed via Shapiro-Wilks W test) were summarised as means and standard deviations (SD). Non-normally distributed data were summarised as medians and interquartile ranges. A significance level of p < 0.05 was chosen. Mobilisation data were analysed with a one way repeated measures analysis of variance (ANOVA). Statistically significant changes were further analysed with post hoc Scheffé tests. Changes in arterial blood gases and arterial oxygen saturation were analysed for significance with dependent samples t tests.
Results
Twenty-one subjects were invited to participate in this study. Two potential subjects declined the invitation to participate and a further two subjects failed to meet the inclusion criteria by returning to the ICU extubated. Seventeen subjects (8 males and 9 females) with age 71.4 ± 7.1 years entered the study. Subjects had undergone a range of major abdominal surgical procedures including open abdominal aortic aneurysm repair, aortobifemoral bypass, hemicolectomy, Hartmann's procedure, gastrectomy, and major hernia repair. Twelve of the 17 subjects had a previous history of chronic obstructive pulmonary disease. One subject presented with a previous history of obstructive sleep apnoea, while another subject had a previous history of mild asthma. Three subjects had no previous respiratory history.
All subjects required intubation and mechanical ventilation after surgery either routinely or due to the development of respiratory or medical complications. Subjects were on a combination of pressure support (ranging from 0-10 cmH 2 O) and continuous positive airway pressure (ranging from 5-12. intubation was 1.9 ± 1.6 days, with a median size endotracheal tube of 7.5. Fifteen subjects displayed bilateral postoperative chest X-ray changes of basal atelectasis and consolidation, and two subjects displayed unilateral basal consolidation as documented by the ICU radiologist who was blinded to the aims of the study. Fifteen of the 17 subjects completed the study protocol for mobilisation. Two subjects were excluded based on termination criteria due to the development of haemodynamic instability prior to sitting over the edge of the bed.
Effect of mobilisation on respiratory parameters
Data were analysed to compare changes from supine values during mobilisation. Mobilisation resulted in a significant increase in V T , f R and V E when compared with supine in the 15 subjects analysed (F (5,70) = 8.75 p < 0.001, F (5,70) = 14.33 p < 0.001, F (5,70) = 42.83 p < 0.001 respectively) ( Table 2) . Standing produced significant increases in V T (170.7 ± 161.9 ml p = 0.008), f R (3.5 ± 4.1 breaths per minute p = 0.03), and V E (6.2 ± 2.9 l/min p < 0.001) when compared with supine. There were no further significant increases in these respiratory parameters with progression of activity to walking on the spot for one minute, or sitting out of bed initially. The number of steps taken whilst subjects walked on the spot for a one minute period ranged from 15-60 steps with a mean of 30.8 ± 14.9 steps.
Mobilisation produced a significant increase in inspiratory flow rates (V T /T I ) when compared with supine (F (5,70) = 35.48 p < 0.001) ( Table 2 ). Inspiratory flow rates increased by 153.3 ± 83.7 ml/sec (24.4%) when subjects sat over the edge of the bed (p = 0.001) with further increases in V T /T I of 148.8 ml/sec (17.8%) when walking on the spot for one minute was compared with sitting over the edge of the bed (p = 0.002). Twenty minutes after sitting out of bed, V T , f R , V E and V T /T I decreased significantly to initial baseline compared with sitting out of bed initially (p = 0.01, p < 0.001, p < 0.001, p < 0.001 respectively) ( Table 2) . Mobilisation did not cause any significant changes in S p O 2 % (F (5,70) = 1.78 p = 0.13).
Effect of mobilisation on rib cage and abdominal movement
Mobilisation resulted in a significant increase in rib cage displacement when compared with supine baseline values (F (5,70) = 6.03 p < 0.001) ( Table 2) . Rib cage displacement increased by 0.20 ± 0.19 cm (an increase of 63.8%) when the standing position was compared with supine values (p = 0.01). No further increases in rib cage displacement occurred with walking on the spot for one minute or sitting out of bed initially. After the subject sat out of bed for 20 minutes, rib cage values decreased significantly when compared with walking on the spot for one minute (p = 0.04) ( Table 2 ). There was no significant change in abdominal displacement with mobilisation (p = 0.23) ( Table 2) .
Effect of mobilisation on arterial blood gases There were no significant changes in any arterial blood gas parameters 20 minutes after sitting out of bed following mobilisation, compared to the initial resting values. A slight decrease in partial pressure of arterial oxygen (P a O 2 ) by a mean of 4.6 ± 2.7 mmHg (a mean decrease of 4.0%) was observed compared with initial values, but this failed to reach significance (t (14) =1.71 p = 0.11) ( Table 3) .
Effect of mobilisation on haemodynamic parameters
Mobilisation resulted in a significant increase in heart rate and mean arterial blood pressure when compared with supine (F (5,70) = 18.53 p < 0.001, F (5,70) = 12.70 p < 0.001 respectively) (Table 4) . Specifically, when compared with supine, heart rate increased by 10.3 ± 5.5 beats per minute when the standing position was reached (p < 0.001) (Table 4), whereas mean arterial blood pressure increased by a mean of 14.3 ± 8.8 mmHg when the sitting position was reached (p < 0.001) ( Table 4 ). The increase in mean arterial blood pressure was achieved by increases in both systolic blood pressure and diastolic blood pressure when the subjects sat over the edge of the bed (p = 0.006 and p = 0.007 respectively). No further significant increases occurred in mean arterial blood pressure beyond these points with further progression of activity. Heart rate and mean arterial blood pressure decreased significantly to baseline supine values when the subjects sat out of bed for 20 minutes when compared with sitting out of bed initially (p < 0.001, p = 0.006 respectively) ( Table 4) .
Discussion
Mobilisation, as defined in this study, resulted in significant increases in V T , ƒ R , and V E when patients moved from supine to standing. No further statistically significant increases were observed in these parameters with walking on the spot for one minute. The progression of activity to walking on the spot for one minute, in this group of patients, favoured an upper chest pattern of breathing with significant increases in V T /T I . Haemodynamic changes were mainly observed as increases in blood pressure when the patients initially sat over the edge of the bed. No statistically significant changes were observed in arterial blood gas parameters after mobilisation.
Changes in respiratory parameters with mobilisation
Increases in V T , f R , V E , and heart rate appear to be related to positional change as walking on the spot for one minute did not further stimulate increases in these parameters beyond standing. Orfanos et al (1999) found similar results in a nonintubated upper abdominal surgical sample when walking along a corridor was compared with positional change from supine to standing. Self-paced walking on the spot for one minute and corridor walking are short duration activities that offer a low level of exercise intensity which may not be of sufficient magnitude to further stimulate ventilation beyond standing. Furthermore, it may not be possible to set the pace of walking on the spot for one minute to achieve further increases in V T , f R , and heart rate in patients who are intubated and ventilated post major abdominal surgery for a number of reasons. Diaphragmatic inhibition as a consequence of upper abdominal surgery (Chuter et al 1991 , Ford et al 1993 may limit further increases in V T with exercise. Although pain was not rated or controlled during mobilisation in this study, pain may have limited the pace and intensity at which patients could walk on the spot with a resultant effect on ventilatory responses. Other factors such as impairments in preoperative and postoperative nutritional state, and poor exercise tolerance prior to surgery may affect energy levels and strength, therefore limiting the patient's ability to mobilise (Brooks-Brunn 1995 , Catley 1984 . Cardiac medications, intraoperative anaesthesia and postoperative sedation may also affect patient alertness as well as inhibit heart rate and blood pressure responses which may further limit patients' ability to walk on the spot (Christensen and Kehlet 1993, Vatner 1978 ). *p < 0.05 **p < 0.01 when compared with supine, ++ p < 0.01 when compared with SOOBI, WOS = walking on the spot for 1 minute, SOOBI = sitting out of bed initially, SOOB20 = sitting out of bed for 20 minutes, HR = heart rate, bpm = beats per minute, SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial pressure.
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In our intubated patient group the increase in V E with walking on the spot for one minute was achieved by increases in both V T and f R (26.9% and 24.9% respectively) when compared with baseline values. Orfanos et al (1999) observed in nonintubated patients that walking along a corridor resulted in an increase in V E that was achieved by a 33.0% increase in V T and a 14.8% increase in f R when compared with baseline. The greater increases in f R observed with walking on the spot for one minute in our intubated sample, compared with corridor walking in a non-intubated sample (Orfanos et al 1999) , may be for several reasons. First, the greater increases in f R may be due to the patients' attempts to compensate for the increased work of spontaneous breathing through an endotracheal tube without ventilatory support (Straus et al 1998 , Weissman et al 1986 whilst attempting to exercise. Second, patients with a compromised respiratory state may increase f R to maintain and increase V E during ambulation as this may be more easily achieved than increases in V T (Askanazi et al 1979 , Okinaka 1966 . Changes in lung and chest wall compliance following upper abdominal surgery mean that greater pressures are required to open collapsed lung units in the basal regions of the lung (Grimby 1974 ). An upper chest pattern of breathing with greater increases in f R than tidal volumes during ambulation may be the most efficient means for the respiratory system to overcome decreases in lung compliance during tidal breathing (Mead 1960) . Third, increases in f R may be favoured over V T (Okinaka 1966) , as this may generate less pain over the incision site.
The increases in V E , f R , V T , and V T /T I generated by mobilisation in the intubated abdominal surgical patient were not maintained after 20 minutes of sitting out of bed. This finding was also supported by Orfanos et al (1999) who demonstrated no carryover effects in V E , f R , or V T 30 minutes after ambulation along a corridor in a non-intubated upper abdominal surgical group. Our study demonstrated no significant changes in arterial blood gases 20 minutes after sitting out of bed, although there was a minor trend towards a decrease in P a O 2 which may be within the normal limits of acceptable variation.
Possible effects of mobilisation on the distribution of ventilation Mobilisation, as conducted in this study, most likely encouraged a distribution of ventilation to the nondependent regions of the lungs. Grimby (1974) suggested that V T /T I beyond 200 ml/sec resulted in a progressive increase in the relative ventilation of the non-dependent regions in the upright lung. Our study demonstrated significant increases in rib cage displacement with no significant increases in abdominal displacement, suggesting an upper chest pattern of breathing. The Respitrace, as used in our study, only provided data on rib cage and abdominal displacement independently and did not examine the relationship between rib cage and abdominal movement. Chuter et al (1991) postulated that observable decreases in abdominal compartmental contribution to ventilation after abdominal surgery may be due to pain, abdominal cavity stiffness, and reflex diaphragm inhibition postoperatively which impede diaphragm movement, contributing to basal atelectasis. Therefore, the upper chest pattern of breathing combined with increased V T /T I during mobilisation may result in an increased distribution of ventilation to the non-dependent regions of the upright lung (Roussos et al 1977) .
The effect of mobilisation on haemodynamic parameters
Our study demonstrated significant increases in systolic blood pressure, diastolic blood pressure, and mean arterial blood pressure when the subjects sat over the side of the bed, with significant increases in heart rate observed with standing. Our results are in contrast to previous studies which have demonstrated slight decreases in blood pressure with increases in heart rate associated with orthostatic challenge (upright positioning) in healthy young and elderly subjects, subjects with cardiac disease (Winslow et al 1995) , and nonintubated subjects following lower abdominal surgery (Gelle et al 1971) . The increases observed in haemodynamic parameters, in our patient group, may be the result of increased pain experienced during mobilisation. This may further stimulate the postoperative sympathetic stress response observed as a consequence of surgical trauma (Dorman et al 1997) . In addition, a portion of the increase in haemodynamic parameters may be attributable to the stress and increased work of breathing associated with the removal of ventilatory support and breathing via an endotracheal tube (Frazier et al 2000 , Pinsky 2000 during mobilisation. Two patients in our sample demonstrated mean arterial blood pressure of greater than 120 mmHg before the sitting position was reached, requiring termination of mobilisation. Constant monitoring of the patient is required throughout mobilisation to observe signs of cardiac stress and increases in blood pressure which may affect the surgical anastamoses.
Clinical implications
Changes in V T and f R during mobilisation of the intubated, ventilated abdominal surgery patient are largely due to positional change from supine to standing. No further increases were observed in these parameters with walking on the spot for one minute. Mobilisation also produced high V T /T I with an upper chest pattern of breathing which may favour regional ventilation to the non-dependent regions of the upright lung and may not assist the reversal of basal atelectasis. This does not mean that walking on the spot for one minute is not a useful intervention in this patient group. Walking on the spot for one minute may minimise lower limb muscle deconditioning, prevent muscle contractures, or improve orthostatic intolerance (Imle and Klemic 1989 ).
An appropriate level of exercise intensity in this patient group may be one that achieves increases in V T and f R , beyond those achieved by positional change and of sufficient magnitude to assist opening of collapsed alveolar lung units. It may be useful to use the modified Borg rate of perceived exertion scale (Asakuma et al 1999) or dyspnoea scale (Mahler 1992) as a means of establishing the intensity of physical exertion for the purpose of exercise prescription in these patients. However it may not be possible to achieve a higher level of exercise intensity than demonstrated in this study for the reasons previously outlined.
This study also demonstrated that increases in haemodynamic parameters tended to be greatest initially when the patient sat over the side of the bed. Mobilisation in this patient population needs to be balanced against any adverse haemodynamic changes. This study demonstrated that mobilisation can be performed safely provided that haemodynamic parameters are monitored continuously for adverse effects.
Further studies are required to investigate the effects of mobilisation on regional ventilation and gas exchange with the patient attached to mechanical ventilation. In addition, the effects of early mobilisation on duration of intubation and ventilation, length of stay in the ICU, and incidence of postoperative pulmonary complications warrant further investigation. 
Footnotes
